INTRODUCTION
============

The hard tissue of human teeth is composed of enamel, cementum and dentin. Multinucleated cells called odontoclasts resorb root dental hard tissues[@B09].The resorption of hard tissue in primary teeth is a normal physiologic phenomenon that leads to their exfoliation and ultimately the transition to permanent dentition.

The hard tissues of permanent teeth, on the other hand, are not resorbed under normal conditions and resorption is a pathologic process. This pathologic root resorption process has been broadly classified based on the site of occurrence into external or internal resorption[@B02]. Several causes have been attributed to external resorption including inflammation, pressure, and certain systemic disorders.

Various methods have been advocated to assess resorption including histology[@B07], the use of panoramic and periapical radiography[@B06] and scanning electron microscopy (SEM)[@B03]. The use of traditional methods, such as histologic and radiographic analyses to study this process has inherent shortcomings. The use of SEM has certain advantages over the other traditional methods, as it permits the assessment in multiple planes. The purpose of exploring morphology is to get an insight into function. The morphologic image represents the visual expression of functional activity and thus the aim of this study was to examine if there are qualitative differences in the appearance of external root resorption patterns of primary teeth undergoing physiologic resorption and permanent teeth undergoing pathological root resorption in different conditions.

MATERIAL AND METHODS
====================

Sample Collection
-----------------

A total of 40 human teeth were collected over a period of 3 months and divided into 4 groups. All teeth were included in the study after being examined under a stereomicroscope at 10x magnification for the presence of root resorption areas. Group I:10 primary molars that exfoliated due to physiologic root resorption; Group II: 10 permanent teeth associated with periapical granulomas showing signs of pathologic resorption due to the inflammatory process involved; Group III: 10 premolars subjected to a short duration of light orthodontic force by conventional mechanics for a period of less than 2 months and therapeutically extracted during the course of therapy; Group IV: 10 permanent teeth associated with odontogenic tumors.

Sample Preparation
------------------

After extraction and removal of the soft tissue remnants, all teeth were immediately immersed in 5% sodium hypochlorite solution to remove the remaining nonmineralized organic components. The roots were separated from the crown and then dried in a desiccator for 24 h prior to analysis. The roots were then mounted on the stubs using double-sided adhesive tape and sputter coated with platinum before examination. The specimens were then analyzed in a scanning electron microscope (JEOL JSM 6380A, JEOL, Tokyo Japan) at 20 kv beam current. The specific areas of interest on the teeth were examined under various 20x, 100x, 250x, 500x and 1000x magnifications. The lowest magnifications were used to identify the areas of resorption and the higher magnifications to study the specific patterns of resorption. Areas of the roots undergoing resorption were compared to that of a normal root and presence of any recurring pattern was noted. The resorption patterns were described on the basis of extent and the distinct surface appearance.

RESULTS
=======

Group 1
-------

[Figure 1A](#f01){ref-type="fig"} is the image of a primary molar undergoing resorption examined at 12x magnification. Presence of extensive areas of resorption can be noticed on the lingual aspect of all roots leading to blunting of the apical regions. Extensive loss of cementum from the entire lingual aspect of the roots is visible. The extent of resorption of the different roots was not however uniform. The shaded area in [Figure 1A](#f01){ref-type="fig"} was selected for higher magnification and assessment. [Figure 1B](#f01){ref-type="fig"} is a higher magnification (100x) of the apical region that reveals rounding and blunting of this region. The shiny white area inside the apical foramen (dark arrow) is nothing but remnant of pulpal soft tissue. There is a loss of normal smooth topography of the root surface that now shows the uniform presence of numerous irregularly shaped concavities. The resorption area has a smooth multilocular appearance. In [Figure 1C](#f01){ref-type="fig"} (at 500x), the presence of several individual resorption lacunae can be clearly appreciated. The area looks as if individual adjacent areas of tooth material have been scooped out (dark arrows) from the root surface. In [Figure 1D](#f01){ref-type="fig"} (1000x), the dentinal tubule entrance is visible (dark arrow).

![(A-D)- Root resorption of a primary molar at 12x, 100x, 500x and 1000x magnifications](1678-7757-jaos-17-05-0481-gf01){#f01}

Group 2
-------

[Figure 2A](#f02){ref-type="fig"} shows a mandibular permanent molar undergoing root resorption due to an associated periapical granuloma. There is a blunting of the entire apical region of the roots that is evident at 10x magnification. At this magnification the entire apical root surface has a smooth eggshell like appearance. At the apical region, however, there is also evidence of resorption occurring near the foramen (dark arrow). This region was chosen for closer examination. In [Figure 2B](#f02){ref-type="fig"} (100x) there is clear evidence of resorptive activity seen around the periapical region (dark arrow). Areas of resorption can also be appreciated in the apical third of the root, particularly close to the apex, leading to a funnellike appearance. There is a widening of the apical foramen diameter due to the loss of cementum around the periapical region. The resorptive activity seems to be radiating outward from the apex. There is also the presence of a clear border demarcating the affected and unaffected areas at the apical foramen region (light arrow). In [Figure 2C](#f02){ref-type="fig"} (250x), the periphery of the foramen shows areas of normal cementum interspersed with resorption craters (dark arrows and light arrows). Differently from the primary teeth, the resorptive areas are not uniformly seen. In [Figure 2D](#f02){ref-type="fig"} (500x), the individual craters of resorption are more visible (dark arrow).

![(A-D)- Root resorption of permanent molar associated with periapical granuloma at 18x, 100x, 250x, 500x magnifications](1678-7757-jaos-17-05-0481-gf02){#f02}

Group 3
-------

In [Figure 3A](#f03){ref-type="fig"}, the image shows a mandibular first premolar undergoing pressure resorption during the course of orthodontic treatment resorption seen mostly along mesial and buccal aspect. Active resorption is present even though the tooth was subjected to orthodontic force for a relatively short duration of less than two months. Here areas of resorption are (dark arrows) seen along most of the entire surface leading to loss of normal smooth appearance of this surface. There was no evidence of any resorptive activity on the opposing aspect. A slight tilt of the specimen was carried out so that a more detailed analysis of the mesial aspect could be undertaken. In [Figure 3B](#f03){ref-type="fig"} (100 x), the presence of resorption bays (dark arrows) with adjoining areas of cemental repair (light arrow) can be appreciated. In [Figures 3C](#f03){ref-type="fig"} and [3D](#f03){ref-type="fig"} (250 and 500x), the presence of an individual resorption crater of irregular size and shape is specifically visible (dark arrow) with adjoining normal cementum (light arrow).

![(A-D)- Root resorption of a premolar subjected to orthodontic force at 14x, 100x, 250x, 500 magnifications](1678-7757-jaos-17-05-0481-gf03){#f03}

Group 4
-------

In [Figure 4A](#f04){ref-type="fig"} (13x), which shows a permanent molar associated with an ameloblastoma, the most striking feature is the extensive loss of root length as a result of the resorption. Resorptive activity is evident in each of the individual roots and even in between them (light arrows) with differing appearance. However interestingly unlike the smooth blunting of the apex seen in the earlier conditions the roots have a sharp cut appearance (dark arrows). In [Figure 4B](#f04){ref-type="fig"} (70x), the presence of a single very large resorption crater from in between the roots is seen (dark arrow). Higher magnifications (250 and 500x) did not reveal any specific patterns of resorption but loss of normal smooth root surface topography. [Figure 4C](#f04){ref-type="fig"} (20x) shows a haphazard and ragged appearance of the root of an anterior tooth with extensive loss of root length. [Figure 4D](#f04){ref-type="fig"} (150 x) reveals loss of normal smooth root surface topography.

![(A-D)- Root resorption patterns of a permanent molar (13 and 100x) and a permanent incisor (20 and 150x) associated with odontogenic tumor](1678-7757-jaos-17-05-0481-gf04){#f04}

DISCUSSION
==========

Different causes have been attributed to the root resorption process including pressure, inflammation, neoplastic process and systemic conditions. The different causes of resorption in physiological and pathological conditions may lead to a diverse resorptive potential by the odontoclasts. As the morphologic image represents functional activity various patterns of resorption can be expected in different conditions. It was our intention to look at resorption patterns resulting from different pathological and physiological processes applying SEM. The use of histologic sections or radiographs for studying root resorption may lead to missing areas of resorption in certain planes of interest or even small areas of transient resorption may not show up in these methods. SEM on the other hand permits visualization of surface structures and is particularly valuable in recording three-dimensional morphology of mineralized tissues. This technique provides enhanced visual assessment of root surfaces, unattainable with histological models reconstructed from serial sections. The ability to tilt the mounted sample in all three planes of space to a certain degree while analyzing it permits us to focus on specific areas of interest.

In the present study, the primary teeth examined with SEM were in different stages of root resorption but most of them had lost more than two thirds to three quarters of their root length prior to exfoliation. To this day it is believed that the emerging permanent tooth applies pressure on the primary predecessor leading to activation of odontoclasts and ultimately exfoliation[@B04]. Though the resorption of primary teeth is not solely dependent on the pressure of erupting permanent teeth the site of resorption in all the primary molars studied was in close proximity to the succeeding permanent follicle. Another notable feature was that the resorption was of varying extent in different roots of the same molar. Roots closer to the follicle showed a greater degree of resorption with extent of root divergence and inter root distant affecting the final outcome. It has been reported that physiologic process is a not a continuous process but an intermittent process with periods of resorption alternating repair activity. However, in all the primary molars examined at various magnifications in the present study the pattern of root resorption in primary teeth had a regular appearance. This pattern is probably a reflection of the slow ongoing physiologic process of root resorption.

On the other hand, the site of the lesion in periapical granuloma accounts for the severity and localization of the resorptive process to the vicinity of the apical region. The funnel-like appearance seen in our study has previously been described[@B05]. This indicates that resorption is actively taking place mainly along the localized areas of pressure from the periapical granuloma. The areas of resorption were localized at the apex with a clear border demarcating it from the adjoining normal area indicating that pressure from the lesion could be a major contributing factor to the process.

Orthodontic tooth movement is possible as cementum has greater resistance to resorption than bone. However, root resorption is also seen after the application of light orthodontic force even within a short-duration period[@B10]. The point of force application with conventional orthodontic mechanics is from the buccal aspect. In the early stages of treatment, this causes crown buccal and root lingual tipping of premolars leading to opposing areas of tension and compression in the crown and root. The resorption process on examination with SEM was however not wholly restricted to any particular area. Based on extent varying degrees of orthodontically induced inflammatory root resorption have been described[@B01]. In the present study, the resorption in all premolars was restricted to mild surface cemental resorption probably because of the short duration for which teeth were subjected to force application. The extent and site of resorption was not uniform to reach a categorical conclusion as a multitude of local and systemic factors play a vital role in orthodontically induced root resorption. It is important to know that even in early stages of orthodontic treatment there is evidence of cemental resorption, which may not always be evident on radiographs unless it reaches an advanced stage.

In the teeth associated with odontogenic tumors, no particular pattern was discernable as there were variable in appearance. Most teeth, however, showed an extensive loss of root length form the resorptive process. Previously there have been reports of root resorption in teeth in the proximity of odontogenic tumors, such as ameloblastoma[@B08]. Two teeth associated with ameloblastomas were chosen for closer examination as they had a strikingly different appearance of roots. A sharp cut appearance of the roots was visible echoing the aggressive nature of the rapidly growing lesion. Root resorption was haphazard and ragged as previously described in literature. This aggressive root resorption pattern reflects the loss of cellular regulatory control synonymous with tumor pathology.

CONCLUSIONS
===========

This is an interesting research study for the knowledge of the root resorption pattern under different physiological and pathological conditions. There were differences in the patterns of external root resorption that resulted from different conditions when studied under SEM. In most cases, the resorption pattern reflected the nature of the underlying etiology. Although study is valuable as an additional source of basic information, it has limited clinical application. Further investigations on the quantitative and molecular aspects of root resorption will shed light on several unknown features providing a database for exciting new fields like forensic dentistry.
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